Return of Experience on Transient Behavior at the DSG Solar Thermal Power Plant in Kanchanaburi, Thailand  by Khenissi, A. et al.
 Energy Procedia  69 ( 2015 )  1603 – 1612 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer review by the scientific conference committee of SolarPACES 2014 under responsibility of PSE AG
doi: 10.1016/j.egypro.2015.03.115 
International Conference on Concentrating Solar Power and Chemical Energy Systems, 
SolarPACES 2014 
Return of experience on transient behavior at the DSG solar thermal 
power plant in Kanchanaburi, Thailand 
A.Khenissia*, D.Krügerb , T.Hirscha ,K.Henneckeb 
a German Aerospace Center (DLR), Institute of Solar Research Wankelstraße 5, Stuttgart 70563, Germany 
b German Aerospace Center (DLR), Institute of Solar Research Linder Höhe, Cologne 5114,Germany 
Abstract 
After two years of successful operation, the Thai Solar One (TSE-1) power plant has not only shown the proof of concept of the 
DSG technology. The operation of the plant under sub-tropical climate characterized by frequent occurrence of brief and intense 
cloud phenomena, which set high requirement on the loops control system, has even proved the reliability of the technology 
under not ideal condition for CSP plants. Within the KanDis project a DLR intern read off and evaluating program has been 
developed. For each operating day “characteristic values” and plots were generated, archived und statistically evaluated. With 
focus on transient behavior (parallel flow stability, part load, startup procedure etc..), the aim of this paper is to expose the return 
on experience of the first two year operation of the worldwide unique DSG plant with superheated steam and refute some 
skepticism regarding particularly the parallel flow instabilities [1] . 
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1. Introduction 
The power plant has been built in 2010/2011 by Thai Solar Energy (TSE), Thailand and Solarlite GmbH, 
Germany, and is being operated by TSE in the region of Kanchanaburi. It is the first solar thermal power plant in 
South East Asia having started operation in January 2012. The solar field has a nominal power of 19 MWthermal 
driving a 5 MW turbine by superheated steam at 30 bars and 330°C. Its layout is described in [2]. The present study 
is based on an extensive database of records of almost 500 sensors installed in the power plant (Solar field and 
power block). The data are provided by Solarlite with a resolution of 1 minute. The scope of the data includes 
amongst others: temperature and angle measurement in each solar collector (evaporator as well super heater), mass 
flow measurement of each loop (evaporator and super heater) and temperature, pressure and level measurement of 
the steam drum and feed water tank.  A schematic figure of the position and type of sensors can be seen in Figure 1. 
 
Figure 1: schematic graphic of sensor position and types 
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2. Assortments of data 
For each operating day, the cumulated DNI sum in [kWh/ (m².d)] and  its the fractal index are calculated, 
recorded and plotted.  The fractal index is a measure of the volatility of the DNI , and is 1 for an even line, and 1.99 
for a line which infinitely snake  and covers the whole 2D surface. Details explications are attached in the Appendix 
A. Figure 2 shows the result of the recorded operating day. The X axis stands for the DNI sum and the Y axis stands 
for the fractal index. Each point represents an operating day. The points are grouped in trimester with a specific 
pattern. Days with DNI lower than 2 [kWh/ (m².d)] as well days in which the plant didn’t operate are not reported.  
 
The resulting graphic is divided in an upper (trasient) and lower part (stationary). The upper part with fractal 
dimension above 1,5 marks days with highly volatile DNI course and is the most challenging one for the plant. The 
lower part with fractal dimension lower than 1,5 is characterised with more or less stationary DNI course (regardless 
of the DNI cumulated sum). The graphic can be also divided into a left (part load) part with a DNI sum lower than [5 
kWh/ (m².d)] and a right part (full load) include days with DNI higher than [5 kWh/ (m².d)]. 
The first quadrant (down right in) with high DNI and low volatility is the “full load stationary quadrant”, 
representing days with the most suitable DNI condition for CSP plants (high and continuous insolation) and is not 
part of the scope of this study. The evaluation of the plant under these favourable conditions has already been 
investigated in [2].  
The second quadrant (down left) can be denominated as the “stationary part load quadrant”. Here the DNI is low, 
reaching a maximum of 400 kW/m² but still continuous. The third quadrant (up left) with low DNI and high 
volatility is the “transient part-load quadrant”. Finally the fourth quadrant (up right) is called the “transient full load 
quadrant”: here the DNI is high and since the volatility is high too, this quadrant include days with the highest 
amplitude of the DNI fluctuation. 
Figure 2:  DNI vs Fractal index (each point represent an operating day) 
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The majority of the operating days are located in the upper side of the graphic (with volatile DNI). As mentioned 
before, this is due to the location of the plant in an area with sub-tropical climate. Furthermore, seasonal effects can 
be identified in the graphic: the triangle and ring pattern (Jul-Aug-Sep and Oct.-Nov-Dec), mostly situated in the 
upper side and with nearly no presence in the first quadrant, indicate the rain season. The rhomb pattern and square 
indicate the dry season . 
 
For each quadrant (with the exeption of the first), a represenative day was chosen and closely examinated. The 
representative days, and characteristic values DNI sum and plots, the Fractal index, and thermal outpout are reported 
in Table 1. 
 
Table 1: Representative days and DNI caracteristics   
Quadrant IV Quadrant III Quadrant II 
   
DNI 
[kWh/(m².d)] 
Fraktal 
[-] 
DNI 
[kWh/(m².d)] 
Fraktal 
[-] 
DNI 
[kWh/(m².d)] 
Fraktal 
[-] 
4,9 1,64 2,7 1,68 4 1,35 
3. Evaluation approach   
In each time step, the DNI is measured and the adequate mass flow for the plant is calculated and then transmitted 
to the pumps as “must value”. Using the control valves (located in the Inlet of each evaporator loops), this mass flow 
is split in ideal case equitably over the 12 evaporator loops. As the loops have different distances to the header lines 
(Verweis auf Appendix oder old Paper) and different insolation over the loops may occur, mass flow deviation will 
become inevitable. In order to get a first impression about the operation of control system, the mass flow of the 
individual loops for each representative day will be in this section closely examined. In order to keep the mass flow 
visualisation simple (avoiding 12 lines plots), the overall maximal and minimal mass flow of all loops are plotted 
.The margin between the two resulting lines contain  the mass flows of all loops. Furthermore, the live steam 
parameter (pressure, temperature and mass flow) of the examined days are reported. 
In the case of a feed water undersupply, more energy than needed for the evaporation will come to the receiver 
and the concerned loop will overheat. Since the overheating can provoke differential thermal stress of the absorber 
pipe, the overheating muss be necessary avoided through defocusing of the affected collector. 
Since the overheating occurs when the mass flow control reacts improperly or imprecise, the frequency of the 
overheating event can be considerate as an indicator for reliability of the mass flow control. In order to evaluate it, 
the overheating incident (events) and their repartition over the 12 evaporator loops have been recorded and 
statistically analyzed. 
3.1. Part load stationary mode (Qudrant IV) 
Figure 3 (a) shows the overall maximal and minimal mass flow of all working evaporators loops on January 21, 
2013 (on this day 2 loops were out of operation). The mass flows remains relatively constant at about 5 [kg/s] during 
all operating time. The maximal deviation between two loops reaches 0,3 kg/s at about 13:00. Figure 3 (b) shows the 
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progress of the live steam parameter. Despite a low DNI (maximum less than 600 W/m²) the pressure and 
temperature reach the design point at 30 bars and 330°C, respectively (Figure 3 b).  The overall mass flow is 
adjusted to the DNI. The plant being dimensioned at a designed point of 800W/m², the operation at 500 W/m² show 
that the plant can adequately run at part load conditions of 60%. 
 
 
(a) 
 
(b) 
 
Figure 3: Part load stationary. (a)  Evaporator mass flow (b) Live steam parameter 
3.2. Part load transient (Qudrant III) 
Figure 4 (a) shows the overall maximal and minimal mass flow of all working evaporators loops on the 
27.01.2013 (on this day one loop were out of operation). Despite the matter that the DNI volatility was high, the 
mass flow repartition over the evaporator loops seems to be homogenous. The values of the mass flow fluctuate 
around 5 kg/s reaching a maximal deviation of 0,5 kg/s shortly after 12:00 and before 14:00. Due to the volatility of 
the DNI the live steam parameters could no longer be kept ideally constant. The turbine is then driven in sliding 
1608   A. Khenissi et al. /  Energy Procedia  69 ( 2015 )  1603 – 1612 
pressure mode. Here, both live steam pressure and mass flow are used change depending on DNI. Interesting to note 
is, that despite the total interruption of the DNI (at about 14:00) and with no use of a storage system, the plant still 
run a provide Live steam at 300°C. This is due to the buffer-storage effect of the steam drum and to the thermal 
capacity of the plant. 
 
(a) 
 
 
(b) 
 
Figure 4: Part load transient. (a)  Evaporator mass flow (b) Live steam parameter 
3.3. Full  load transient  (Quadrant II) 
As mentioned in “Assortment of Data”, the fourth quadrant include days with the maximal fluctuation amplitude. 
This is the most challenging case for the control system. The DNI interruptions with amplitude up to 800 W are 
frequent. In Figure 5 (a), the first oscillations at about 10:00 are due to the transient start up (as can be seen Figure 5 
(b) at this time began the live steam temperature to rise and to flow to the turbine).  Due to the volatility of the DNI 
the live steam parameters could no longer maintained constant. The turbine is driven in slide pressure mode and 
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both live steam pressure and mass flow are used as process variable. The second oscillations in the mass flow 
happened at 14:00 and probably due to the DNI interruption occurring in the same time and taking place during 15 
min .Here too, despite the DNI interruption, the supply of the live steam is reduced but not interrupted. Comparing 
to the part load transient quadrant, the mass flow fluctuation are here more significant but nevertheless the 
overheating of the absorber tubes at that time is  avoided (see Figure 6).  
 
(a) 
 
(b) 
 
 
Figure 5: Full load transient. (a)  Evaporator mass flow (b) Live steam parameter 
3.4. Overheating control   
An overheating event is considered occurred when the measured temperature exceeds the saturation temperature. 
The saturation temperature is calculated (steam table) according the measured pressure in the loop. Figure 6 shows 
the course of the measured temperature (in blue) and the saturation temperature (in red) in the outlet of the 
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12evaporator loops on the 09/09/2012. An overheating event can be seen on the loop  2,4,10 and 12 shortly after 
10:00 
 
Figure 6: Outlet temperature of the 12 evaporator Loops 
In Table 2 ,the frequency of the overheating event and their distribution over the 12 loops are schown. On the X 
axis represent the loops number and over the Y axis are the number of the overheating event recorded. The colors 
stand for the type of the overheating event (if this occur alone in one loop or synchronic on multiple loops). The 
dark red color stands for a specific defocus (only one loop overheated the 11 others not). The red color represent 
overheating event in which 2 loop overheat synchronic the remaining 10 loops show normal behavior etc. 
The frequency of  overheating event of loop number 10 and 12 is overrepresented .This information can be used 
as early warning system either for the M&R or for  adjustment of the parameter of the controller.  
Table 2: Frequency and repartition of the overheating event 
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Appendix A. Fractal dimension  
The fractal dimension is  as a measure of the space-filling capacity. For a of a curve, the dimentsion will lie 
between 1 and 2, depending on how much area it fills ,for a surface between 2 and 3 depending on how much 
volume it fills . For the case of solar radiationd, the fractal dimension is directly related to the temporal fluctuation 
of the irradiance. 
If we want to measure a rough length (coast, drainage basin)  we realize that the result  of the measurement 
depends on the length of the rule ( or unit of measurement):The smaller the rule , the longer measured  length and 
inversely the greater the rule  the smaller e is the measured length.  
Figure 7 shows  an expemple where the DNI course is plotted with different  average.  
 
 
 
 
Figure 7: Filtered DNI over different time average 
 
The plots of the length over the measure unit , give a decreasing curve  (Figure 8 up) . Put in a logaritmic scale, 
the curve become allmost a line (Figure 8 down) whose slop is the fractal dimension . 
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Figure 8:  DNI length vs grading factor 
